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[57] ABSTRACT 
A method and apparatus for TIG welding by passing an 
alternating current .between a non-consumable elec~ 
trode and a workpiece to form an arc, which apparatus 
comprises a single reactor with ?rst and second coil 
portions and a common core, passing a direct current 
from a direct current power supply through the ?rst 
coil portion of the reactor and in a negative direction 
from the workpiece to the electrode for creating a heat 
ing cycle, switchably disconnecting the direct current 
power supply from the circuit and immediately con 
necting the second coil portion of the reactor in a posi 
tive direction across the electrode and workpiece for 
creating a short cleaning cycle for cleaning the work 
piece preparatory to the next heating cycle. These heat 
ing and cleaning cycles are continued to create a TIG 
welding process. During the negative current ?ow, 
energy and/or current to the arc is controlled by pul 
sing a PET switch with a pulse width modulated device 
adjusted by an error signal created by comparing the 
sensed arc current and a reference signal or set point. 

33 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR TIG WELDING 

This invention is a continuation-in-part of prior appli 
cation Ser. No. 138,854, ?led Dec. 29, 1987 now US. 
Pat. No. 4,861,965. 

INCORPORATION BY REFERENCE 

Application Ser. No. 138,854 ?led Dec. 29, 1989, is 
incorporated by reference herein' as background infor 
mation. 
The present invention relates to the art of arc welding 

and more particularly to a method and apparatus for 
TIG welding of metals, and especially adapted for TIG 
welding aluminum. 
The invention is particularly applicable to the art of 

TIG welding aluminum and it will be described with 
particular reference thereto; however, it is appreciated 
that the invention has much broader applications and 
may be used in various arc welding processes employ 
ing both a consumable or non-consumable electrode, 
wherein it is desirable to periodically reverse the polar 
ity of the current ?ow in the are between the electrode 
and the workpiece with a direct current power supply. 

In welding aluminum, and similar metals, it has be 
come somewhat common practice to use TIG welding 
wherein a non-consumable electrode, such as a tungsten 
electrode, is spaced from the workpiece a distance suffi 
cient to establish an arc when current ?ow is created by 
a voltage across the spacing. Since aluminum oxidizes 
quite easily, it is necessary to remove aluminum oxide 
from the welding surface as ?ller wire is melted by the 
heat of the arc and deposited onto the aluminum work 
piece. It has become somewhat common practice to 
clean the metal by using an alternating current power 
supply for directing an alternating current through the 
gap or spacing between the electrode and workpiece. In 
accordance with this practice, during the positive cycle, 
the electrode is positive with respect to the workpiece; 
therefore, electrons are emitted from the workpiece. 
This process disintegrates and removes aluminum oxide 
from the surface preparatory to the immediately follow 
ing negative cycle wherein the tungsten or other non 
consumable electrode is negative with respect to the 
workpiece. Electrons are emitted from the tungsten 
electrode in the direction of the workpiece for the pur 
pose of relatively efficient heating in the arc area. By 
employing alternating current through the arc, alter 
nate primarily cleaning cycles and heating cycles are 
created to provide a fairly efficient TIG welding proce 
dure for aluminum. Even though this welding process is 
successful and widely used, substantial practical and 
procedural disadvantages have been experienced. For 
instance, it is not an optimally efficient procedure to 
employ positive cleaning cycles having durations sub 
stantially the same as the duration of the negative polar 
ity heating cycles. The difference in emissivity of the 
electrode and the workpiece distorts the alternating 
current cycle, thus, producing a relatively small posi 
tive cycle between successive, negative polarity, heat 
ing half cycles. This unbalanced output current is typi 
cal for saturable reactor type AC power sources which 
are being used for alternating current TIG welding of 
aluminum. In addition to the above disadvantages, TIG 
welding of aluminum is not easily performed with exist 
ing equipment used for manual, self-shielded ?ux cored 
and gas metal arc welding. Most industrial arc welding 
power supplies in the ?eld are direct current. Convert 
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2 
ing these welders to alternating current so that TIG 
welding can be performed is a costly and impractical 
procedure for most owners of direct current power 
supplies. 
When direct current power supplies are used for TIG 

welding, the operator must select the polarity to be 
used. If mild steel or stainless steel is to be welded, it 
need not be cleaned therefore, direct current electrode 
negative TIG welding can be used. This polarity pro 
vides no arc cleaning action to remove oxide film; 
therefore, if used for welding aluminum, preweld clean 
ing and oxide removal of the welding surface must be 
accomplished before welding. This is practical only 
when heavy aluminum plate is TIG welded and the 
additional precleaning requirement is outweighed by 
the increased welding speed using electrode negative 
polarity. In view of this, the operator often selects di 
rect current, electrode positive, TIG welding wherein 
the current flows from the electrode to the workpiece. 
This causes a cleaning action in combination with the 
arc welding procedure, however, it also results in a 
very slow rate of welding. Even though this concept is 
technically acceptable, the tungsten electrode becomes 
extremely hot unless its dimension is drastically in 
creased and water cooling is used. For that reason, 
using direct current electrode positive to produce a 
cleaning effect also demands the implementation of a 
special TIG welding torch. This is expensive, more 
difficult to control and is generally not acceptable in the 
?eld. 

In summary, when TIG welding, especially TIG 
welding of aluminum, a special alternating current 
power supply must be provided or an operator must 
employ direct current power supplies with a selected 
polarity which is not economical, convenient nor the 
optimum operating procedure. 
These and other disadvantages of the present technol 

ogy involving TIG welding, have been overcome by 
the present invention which allows use of a direct cur 
rent power supply to produce the advantage of an alter 
nating current welder. 

THE INVENTION 

The present invention relates to a device, or a circuit, 
which can be connected onto a standard direct current 
power supply for providing a TIG welder having the 
advantages of alternating current TIG welders. 

In accordance with the present invention, there is 
provided an improvement in a method and apparatus 
for TIG welding using a direct current power supply, 
which method and apparatus employ a reactor, or 
choke, having ?rst and second portions. The direct 
current power supply is connected across the electrode 
and workpiece and through the ?rst portion of the reac 
tor. This produces a negative polarity direction for 
current ?ow, to produce a preselected heating cycle, 
during which energy is stored in the reactor. The sec 
ond portion of the reactor is then placed across the 
electrode and workpiece in the positive direction for a 
preselected cleaning cycle. The reversal of polarity of 
the current is repeated to produce a welding current 
alternating between a positive polarity cleaning cycle 
and negative polarity heating cycle. This alternation of 
the polarity of the current is accomplished by two high 
speed power switches, with one switch being conduc 
tive when another switch is non-conductive, and vice 
versa. By such a switching scheme, the direct current 
power supply is connected across the electrode and 
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workpiece in the negative polarity direction for ef? 
cient heating. The stored energy is then switched across 
the workpiece and the electrode in the opposite polarity 
direction to produce the aforementioned cleaning cycle 
or procedure. By merely changing the duration when 
one switch is on and the other switch is off, and vice 
versa, the duration of the heating cycle can be varied 
with respect to the duration of the cleaning cycle to 
adjust the amount of cleaning. Consequently, only the 
cleaning needed to produce a quality weld is employed. 
In the past, alternating current TIG welders often had a 
less accurate arrangement for controlling the energy 
employed for cleaning. The two alternating cycles are 
accomplished in an ef?cient manner, without requiring 
substantial equipment, technology or modification of an 
existing direct current power supply available to many 
low volume welders. 
By using the relatively inexpensive circuit, or device 

of the present invention any normal direct current 
welder can be converted to a TIG welder having suffr 
cient capabilities to weld aluminum effectively. This 
relatively simple accessory for converting a direct cur 
rent power supply to an alternating current TIG welder 
at a low cost overcomes the disadvantages associated 
with alternating current welders, wave shaping con 
verters, and use of direct current for TIG welding. 
Also, the invention can be used for producing a TIG 
welding power supply by using a recti?ed input stage. 

In accordance with the present invention the system 
includes a power control switch, such as a high fre 
quency FET switching system (D.C. chopper) for con 
trolling the input energy from the DC. power supply to 
the ?rst portion of the inductive reactance or choke 
during the welding cycle when the arc current has a 
negative polarity. The energy is controlled by sensing 
the arc current, rectifying the sensed current, compar 
ing the recti?ed signal to a reference signal to create an 
error signal and, then, adjusting operation of the FET 
switching system, either by pulse-width modulation or 
frequency changing of the FET switching system. 
The primary object of the present invention is the 

provision of a device which can be adapted to a direct 
current power supply or input stage for converting that 
power supply or stage into an alternating current TIG 
welder in the ?eld. 
A further object of the present invention is the provi 

sion of a device, as de?ned above, which device over 
comes certain disadvantages associated with standard 
alternating current TIG welders of the type now com 
monly used for welding aluminum. 
Another object of the present invention is the provi 

sion of a device, as de?ned above, which device can 
weld metal with different cleaning requirements by 
merely adjusting the duty cycle to provide the proper 
cleaning energy during cleaning cycles between nega 
tive polarity heating cycles. 
Yet another object of the present invention is the 

provision of a device, as de?ned above, which device 
converts the direct current output of a standard power 
supply into an alternating current TIG welder having 
the capabilities to adjust the duty cycle between clean 
ing and heating polarities by merely modifying the duty 
cycle of a standard oscillator. 
Another object of the present invention is the provi 

sion of a method of operating the device, as de?ned 
above, which method employs the concept of a reac 
tance reactor or choke with ?rst and second portions, 
connecting the ?rst portion of the reactor across the 
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4 
power supply in a negative polarity direction forming a 
heating cycle and then reversing the procedure by ap 
plying the second portion of the reactor across the 
workpiece in the opposite direction for the purposes of 
creating an intermediate cleaning cycle similar to the 
cleaning procedure obtained by standard alternating 
current TIG welding and, further employing, for en 
ergy control, a pulse width modulated FET control 
switch system, a frequency modulated FET control 
switch system or an SCR phase controlled recti?er. 
The prior application Ser. No. 138,854, ?led Dec. 29, 

1987, which is incorporated by reference, is directed to 
the concept of TIG welding and to the concept of con 
verting a somewhat standard, easily obtainable direct 
current power supply, or welder, to an alternating cur 
rent type TIG welder. This same concept may be appli 
cable to consumable electrode welding where a con 
sumable electrode is melted and deposited upon a work 
piece by globular transfer, short circuiting transfer, 
pulse current transfer, etc. In any of these systems of 
metal transfer, it may be advantageous to shift from a 
positive current to a negative current for purposes of 
increasing the electrode meltoff rate or for other rea 
sons. The prior invention as well as the present im 
provement to the prior invention can be employed for 
providing a momentary current polarity reversal for use 
in welding, as well as for TIG welding; however, TIG 
Welding is the basic aspect of the prior invention and the 
present improvement thereto. 
During operation of the invention, the energy stored 

in the reactor or choke of a circuit constructed in accor 
dance with the present invention, is dissipated in the are 
when the switching devices of the circuit are in the 
cleaning cycle or mode. The ?ux in the reactor is al 
ways attempting to How in the same direction to pro 
vide the available current for the rapid, short cleaning 
pulses inbetween the sustained heating pulses of cur 
rent. The reactance of the reactor, or choke, has a value 
which is sized to obtain the results set forth in this appli 
cation. The rate of current change through the arc is 
quite rapid at polarity reversals in view of the high 
reactance of the choke and the immediate change in 
polarity. This produces a spike at the zero crossing 
point to sustain the are when there is a reversal of polar 
ity, which occurs during each switching operation be 
tween cycles. 
The invention has all the advantages of a normal 

alternating current, TIG welder with the additional 
capacity to adjust the relative amount of heating and 
cleaning of the workpiece for a given period P. This 
invention causes the electrode polarity of a direct cur 
rent power source to alternate, which is a concept not 
heretofore used in TIG welding. 

In accordance with the preferred embodiment, a ?rst 
power switch is conductive for most of the period P. 
The remaining portion of the current flow, across the 
arc occurs during the second condition wherein a sec 
ond power switch is conducting and the ?rst power 
switch is non-conductive. During this cleaning cycle, 
are energy is provided from the stored energy in the 
reactor. In this manner, high voltage spikes occur 
across the arc during the zero crossing between polarity 
reversals to maintain or establish the arc. A duty cycle 
oscillator controls the ratio of positive to negative po 
larity to control the extent of the cleaning action cre 
ated during the positive current ?ow. The input power 
supply delivers energy in accordance with manipulation 
of the control switch system operative during only the 
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weld cycle to provide accurate current control during 
the weld cycle. Control of the energy transfer and/or 
current ?ow during the cleaning cycle is not employed, 
except to limit the maximum current during a short 
circuit across the arc gap. 
Another application of a current reversal circuit in 

accordance with the invention would be in the reduc 
tion of arc blow. This distortion of the are, which is 
caused by magnetic ?eld interaction with the arc 
plasma, is normally associated with welding consum 
able electrodes at high DC current levels. This inven 
tion will reduce the effects of arc blow by reversing the 
arc current rapidly. ' 

In accordance with the present invention there is 
provided a TIG power source designed to utilize a 
center tapped choke, with switching transistors to gen 
erate AC output power from a DC power bus or power 
supply. The DC bus voltage can be relatively low com 
pared to the open circuit voltage of other DC welding 
power supplies, since the current reversal employed in 
the invention is relatively rapid and does not require 
reignition of the arc across the gap. The DC power 
supply can be provided from either a single phase or 
three phase input source. This source is recti?ed when 
the invention employs a PET type DC chopper to con 
trol the energy directed to the are. When the invention 
is practiced by using an SCR phase-back input stage, the 
input stage or source is recti?ed during energy control 
function. In either embodiment, the arc current is varied 
instantaneously by controlling the FET DC chopper or 
the SCR phase-back circuit. In accordance with an 
aspect of the invention, current is sensed at the arc, 
recti?ed and compared to a reference signal. This ar 
rangement creates an error signal, which error signal is 
employed for the purpose of adjusting the current from 
the DC input stage of the present invention. This feed 
back control can be accomplished only during the weld 
cycle of the alternating current operation. During this 
cycle, current is ?owing through one half of the choke. 
This current ?ow stores energy in the common core of 
the choke in an amount determined by the inductance of 
the choke. When the output polarity of the circuit is 
reversed, by reversing the power control switches, 
current ?ow through the choke is maintained in the 
same direction. This free ?ow of current is in a loop, or 
series circuit, from the center tap of the choke through 
the second power switch, across the arc and back to the 
center tap of the choke. Such circuit includes the sec 
ond half of the choke. In this fashion, current is con 
trolled during one polarity and current freewheels dur 
ing the other polarity. During the current reversal por 
tion of the cycle, the arc current is derived fromthe 
energy stored in the choke-and is employed for cleaning 
of the metal in accordance with standard TIG technol 
ogy. . 

The frequency and duty cycle of switching the two 
power switches between the controlled, driven cycle 
and the freewheeling cycle is independent of line fre 
quency. In accordance with the invention, the switches 
are not employed at the same time. The ?rst switch 
produces the welding cycle and the second switch pro 
duces the clean cycle. The energy used during the clean 

- cycle must be replenished during the weld cycle. 
The choke, or inductive reactance, of the present 

invention is designed to dissipate only about 10% of the 
total energy stored in the choke or reactance during the 
subsequent clean cycle. When the clean cycle is at its 
maximum, this duration should not exceed about 40% 
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6 
of the total period, including both clean and weld cy 
cles. Consequently, in accordance with the invention, 
the duration of the clean cycle is between 10% and 40% 
of the total period. The stored energy is a function of 
arc current in only those instances where the core of the 
choke is not saturated. Consequently, in accordance 
with an aspect of the invention, the choke is designed 
with enough inductive reactance to store at least ten 
times the required energy at high current levels, such as 
in excess of 200 amperes. At such maximum output 
currents, the core of the choke or reactor is not oper 
ated near the saturation level; therefore, the available 
energy stored in the choke is not decreased. At mini 
mum output currents, such as in the range of 15-50 
amperes, the instantaneous stored energy is reduced to 
a value of about twice that required by the arc. Thus, in 
accordance with a limited aspect of the present inven 
tion, the core of the choke or inductive reactance is 
constructed for operation over a wide output current 
range and includes two separate air gaps to provide dual 
control. At the lower output currents, a lesser amount 
of energy is stored in the core. At the higher current 
levels, higher energy is stored in the core. Arc recti?ca 
tion is virtually eliminated by this aspect of the inven 
tion. Welding can be accomplished to a lower level 
approaching 10 amperes without an imposed radio fre 
quency voltage across the are for the purposes of main 
taining the are or stabilizing the arc. 
The control logic for the system can be used to shift 

the present invention between an AC operation and a 
negative DC operation. This shift is accomplished by a 
single switch having two positions, one of which causes 
the two power switches to alternate for AC operation 
and the other of which ?xes the two switches so that the 
negative polarity switch is conducting while the free 
wheeling switch is non-conducting. In this fashion, a 
single, two position switch on the torch handle is em 
ployed for the purpose of shifting between AC opera 
tion and negative DC operation. The operator can shift 
between negative DC operation and AC operation at 
the electrode holder or gun, without requiring manipu 
lation at the machine itself. In accordance with another 
aspect of the invention, the duty cycle between opera 
tion of the two power switches can be adjusted by an 
appropriate device, such as a rheostat on the handle of 
the welding gun. Consequently, easy manual manipula 
tion at the handle can be accomplished while using the 
present invention. To reverse the polarity of a DC 
welding system, the electrode cables can be reversed in 
accordance with standard practice. This will provide a 
positive DC welding mode. 

In accordance with another aspect of the present 
invention, a speci?c modi?cation is made to the choke 
or inductive reactance which can be used with the pres 
ent invention. Of course, the present invention can be 
successfully operated without such modi?cations in the 
choke itself. The invention itself relates to the concept 
of a center tapped choke for AC welding operation 
employing a duty cycle for alternating two power 
switches with an input circuit for controlling the cur 
rent during the weld portion of the cycle in accordance 
with a feedback signal determined by the instantaneous 
sensed current. A person skilled in the art would be 
aware of various choke designs that can be used to 
accomplish this operation; however, a particular choke 
design is believed to have merit in application of this 
concept. This choke design includes two identical 
windings on a common core employing two different 
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air gaps. The core has a standard width such as approxi 
mately 4.0 inches. The ?rst section of the core is a 4.0 
inch stack with a small air gap, such as 0.014 inches. The 
second portion of the core has a longer stack such as 
approximately 6.0 inches with a greater air gap, such as 
0.25 inches. When employing these general parameters, 
the choke has ?fty turns and is center tapped. The 4.0 
inch stack saturates at a flux density greater than 
100,000 lines/in2 at an operating current of 17.5 am 
peres. At a lower current, such as 10 amperes, the satu 
ration of this smaller stack is approximately 50,000 lines 
/in2. The inductance prior to saturation for these lower 
current values is 0.022514 H. For the higher stack, satu 
ration occurs in excess of 100,000 lines/in2 at approxi 
mately 313 amperes. However, the output of the present 
invention does not operate at saturation level for this 
high current; therefore, the flux density is maintained 
less than about 75,000 1ines/in2. The inductance for this 
second core portion is 0.001891 H. Since stored energy 
is reduced as the core is driven into saturation, such 
saturation is avoided at low current levels and high 
current levels; however, by this dual choke construc 
tion, these current levels can be drastically different. By 
using this construction of the core, the two coil portions 
forming the center tapped choke can operate at low 
current levels and high current levels. At the higher 
current level, one section of the choke saturates while 
the second section does not. In accordance with another 
aspect of the invention, the second choke section has a 
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conductor size that is approximately 50% of the size of 30 
the conductor for the ?rst section. The ?rst section 
must be rated for maximum DC output whereas the 
second section only carries the “cleaning” current 
which is less under normal circumstances. 

In accordance with another aspect of the invention, a 
FET, DC down chopper circuit is used as the series 
current regulator for a circuit constructed in accor 
dance with the invention. This DC chopper circuit is 
controlled by a pulse width modulator operated at 20 
KHz. The are current is sensed in the electrode lead and 
applied to an absolute value circuit, i.e. full wave recti 
tier, for comparison with an output control potentiome 
ter which establishes the desired output current. An 
error ampli?er produces an error signal controlled by 
comparison of the instantaneous output current and the 
potentiometer created set point signal to drive the pulse 
width modulator integrated circuit. The buffer output 
of this circuit drives the FET down chopper in accor 
dance with standard practice. The feedback comparator 
need only employ a minor amount of ?ltering, since the 
output choke provides for circuit integration. However, 
even when control is during the total period, instanta 
neous regulation of the output current occurs only dur 
ing the negative or heating cycle. Thus, only electrode 
negative current is regulated. When using the present 
invention for TIG welding, heating of the workpiece 
and are penetration is a function of only the current 
?owing during electrode negative polarity. During 
positive polarity, the cleaning cycle occurs. This clean 
ing cycle is an application of stored energy from the 
choke to the arc. During this transfer of stored energy, 
there is a normal droop associated with the current 
wave form; therefore, the RMS current value will vary 
accordingly. If ?ltering were added to the comparator 
ampli?er, regulation would be instituted to increase the 
negative current for compensation of the resulting 
droop. This can not be done since regulation does not 
occur during this second cycle of the total period. How 

45 

50 

60 

65 

ever, since the objective is to maintain constant heating, 
RMS regulation is not employed. Thus, heating itself is 
to be regulated as opposed to total current ?ow. All of 
these concepts are employed in accordance with the 
preferred embodiment of the present invention which 
will be apparent from reviewing the diagrams and 
drawings used in disclosing the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic block diagram illustrating the 
environment of the present invention; 
FIG. 2 is a detailed wiring diagram of a ?rst embodi 

ment of the present invention; 
FIG. 2A is a wiring diagram for the snubber used in 

the two power switches of the embodiment of the in 
vention shown in FIG. 2; 
FIG. 2B is a combined wiring diagram and wave 

shape graph for an aspect of the present invention em 
ployed in both illustrated embodiments of the present 
invention; 
FIG. 3 is a schematic diagram illustrating, in a gen 

eral fashion, an anticipated modi?cation of the core 
structure used with the preferred embodiments of the 
present invention; 
FIG. 4 is a schematic, cross-sectional view taken 

generally along line 4-4 of FIG. 3 and illustrating the 
type of choke winding employed in the preferred em 
bodiments of the present invention; 
FIG. 5 is a graph illustrating the output current ob 

tained in accordance with the present invention to 
gether with switching current pulses for use in accom 
plishing such output current; 
FIG. 6 is a graph showing arc current flow during the 

negative polarity welding cycle as the input power is 
modulated by either the FET DC chopper circuit, or an 
SCR phase-back circuit; and, 
FIGS. 7 and 7A are wiring diagrams of the second 

embodiment of the present invention showing the use of 
an SCR phase-back input in the present invention. 

PREFERRED EMBODIMENTS 

Referring now to the drawings wherein the showings 
are for the purpose of illustrating a preferred embodi 
ment of the invention only and not for the purpose of 
limiting same, FIG. 1 shows a DC power supply or 
stage 10 having output terminals 12, 14 which power 
supply is driven by either a single phase or three phase 
input line current to create approximately 60 volts DC 
open circuit across terminals 12, 14. TIG welder 20 
includes a tungsten electrode 22 supported in holder or 
gun 24 adapted to be held with respect to workpiece 26 
so that ?ller metal 28 can be melted and deposited onto 
workpiece 26 with heat energy created by current ?ow 
in are A. The present invention relates to a polarity 
reversing device C, illustrated in the form of a ?rst 
embodiment shown in FIG. 2 and a second embodiment 
shown in FIG. 7. This device or circuit C is adapted to 
convert the direct current from power supply 10 into an 
AC output current across leads a, b and, thus, across are 
A. By using circuit C, the polarity across are A changes 
from negative polarity to positive polarity, in sequence, 
to create both a welding or heat cycle and a clean cycle. 
In the present invention, a switch 30 mounted on holder 
24 shifts the mode of operation of device, or circuit, C 
between a standard AC TIG welding mode to a nega 
tive DC mode with a constant DC voltage being ap 
plied across the arc. This mode shift is done by merely 
manipulating toggle switch 30 on gun or holder 24. In a 
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like manner, a rheostat 32 on the gun or handle can be 
employed for adjusting the duty cycle between the ratio 
of the clean cycle duration and the weld cycle duration. 
Thus, by manual manipulation on the gun or holder, the 
AC TIG welder can be changed to vary the amount of 
cleaning accomplished by circuit C. In accordance with 
another feature of the present invention, a second rheo 
stat 34 is mounted at circuit C for adjusting the control 
level for output current used during the welding cycle 
of the TIG welder. If the constant negative DC mode of 
operation for circuit C is desired, rheostat 34 can be 
used to adjust the set point for the arc current. This 
second rheostat is the set point rheostat for an error 
ampli?er in a feedback control to vary the input stage of 
the present invention to control the arc current during 
the weld cycle. 

Referring now more particularly to the wiring dia 
gram shown in FIG. 2, together with the snubber cir 
cuit shown in FIG. 2A and the control circuit of FIG. 
2B, polarity reversing circuit C includes an inductive 
reactance, coil or choke 100 in the form of a center 
tapped choke 102 having coil portions 104, 106 of equal 
numbers of turns. The direction of current ?ow through 
the choke is limited by diodes 110, 112. Center tap 102 
divides choke 100 into equal coil portions which may 
have different conductor sizes, as previously explained. 
Circuit C directs current ?ow through leads a, b, and 
across arc A in accordance with the conductive condi 
tion of a ?rst power switch Q2 and a second power 
switch Q3. Both of these switches are Darlington con— 
nected power transistors and each includes an appropri 
ate snubber circuit shown in FIG. 2A. Drivers 140, 142 
operate power switches Q2, Q3 in sequence. When one 
switch is conducting the other switch is not conducting. 
To assure this operation, drivers 140, 142 have opposite 
output logic applied to the input sides of the drivers. 
Inverter 146 between the two inputs of drivers 140 and 
142 maintains the reverse input logic. A positive pulse in 
input line 150 causes conduction of switch Q2. This 
same pulse inhibits switch Q3. When the pulse termi 
nates, switches Q2, Q3 toggle. In accordance with the 
illustrated embodiment, the pulse train on input line 150 
is the output pulse train of pulses from a voltage con 
trolled oscillator operating at a preselected frequency. 
This frequency provides a period determined by the 
desired relationship between the weld portion of the 
period and the cleaning portion of the period. Thus, the 
drivers are shifted between modes in accordance with 
somewhat standard TIG technology. The ratio or rela 
tionship of the duration of the weld cycle to the dura 
tion of the clean cycle is controlled by duty cycle con 
trol of the pulse train from the voltage controlled oscil 
lator. Control logic circuit 160 contains the voltage 
controlled oscillator. The duty cycle of this oscillator is 
adjustable to give the desired heating and cleaning. Line 
162 is schematically illustrated as the output of logic 
circuit 160 and it includes the pulse train in line 150. DC 
voltage is maintained across terminals 12, 14; therefore, 
when switch Q2 is ON and switch Q3 is OFF, current 
?ows from terminal 12 through terminal 14 through 
portion 104 of choke 100. This current ?ow stores en 
ergy in the core of the choke while constituting the 
welding or heating current flow across arc A. Thereaf 
ter, switch Q3 is rendered conductive and switch Q2 is 
rendered non-conductive. Current stored in the core of 
choke 100 then flows through lower or second portion 
106 of choke 100 from center tap 102, through diode 
112 and in the path illustrated by the dashed arrows C1. 
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This current flow C1 is not governed by input stage 10 
and constitutes the clean cycle of the TIG welding 
operation. Thus, current ?ow across arc A is in the 
negative direction during the weld cycle and in the 
positive direction during the clean cycle. This reverse 
current ?ow through the arc gap is standard practice in 
TIG welding. By storing energy in choke 100 during 
the weld cycle, the clean cycle is accomplished by re 
leasing the stored energy through diode 112. This con 
cept is novel and is explained in the introductory por 
tion of this disclosure. It is also explained in prior appli 
cation Ser. No. 138,854 ?led Dec. 29, 1987. A ?lter 
circuit includes resistors 120, 122 as well as capacitor 
124 to provide a ?lter network across output leads a, b. 

In accordance with the present invention, there is 
provided an input DC chopper comprising a power 
FET Q1 connected to terminal 12 of power supply or 
input stage 10. This DC chopper, in accordance with 
standard practice, is controlled by a pulse width modu 
lator 170 having a ?xed frequency and output pulses 
with widths that are varied in accordance with the 
voltage-in control line 172. Line 172 is a part of the 
feedback system and is illustrated as an output of the 
control logic 160. As in the case with pulses in line 150, 
the voltage on line 172 is an element of the schemati 
cally illustrated output 162. Certain details of the pre 
ferred arrangement in control logic circuit 160 for de 
veloping the control voltage level on line 172 is illus 
trated in FIG. 2B. Voltage on line 172 is controlled by 
the output of full wave recti?er 210 driven by the 
sensed arc current in the form of a signal in line 212. 
Current is sensed at shunt 214, shown in FIG. 2. This 
current signal is alternating and forms the input to full 
wave recti?er 210. The recti?ed signal IR in line 215 is 
directed-to a standard error ampli?er 216 for producing 
an error signal as a voltage in line 172. The error signal 
has a magnitude determined by a set point voltage sig 
nal in line 220 from rheostat 34, previously described. 
Thus, the output are current is controlled by adjusting 
the voltage in line 172. This adjustment is made by 
comparing the sensed current IR in line 215 at the weld 
ing station to a set point current adjusted by rheostat 34. 
The lower portion of FIG. 2B, is a current graph show 
ing the sensed current I. As can be seen, during the 
welding cycle W, current I ?ows through portion 104 
of choke 100. As soon as switch Q2 is rendered non 
conductive by changing the logic on driver 140, switch 
Q3 is rendered conductive. This causes an immediate 
current reversal across arc A. Then the cleaning current 
C1 ?ows in an opposite direction across are A. Current 
C1 has a magnitude determined by circuit parameters 
and energy stored during the weld cycle. This current 
can not be controlled by switch Q1 but freewheels 
through diode 112. By changing the current level by 
switch 01 the energy stored in choke 100 can be 
changed as well as the magnitude of the cleaning cur 
rent. There is a slight droop to this reverse, clean cur 
rent C1, as shown in the lower portion of FIG. 2B. The 
output IR signal on line 215 at the output of recti?er 210 
is shown in the lower portion of the current graph in 
FIG. 2B. As can be seen, during the weld or heat cycle 
W, the current has a preselected ?xed level. The current 
then dissipates slightly during the clean cycle. Since 
recti?er 210 is a full wave recti?er, the output in line 
215 is an average of the arc current I during both the 
weld and clean cycles. This average current is em 
ployed for adjusting the voltage level in line 172 to 
control current flowing through switch Q1. The arc 
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current can be controlled by switch Q1 only during the 
weld cycle W. Thus, the voltage in line 172 attempts to 
maintain a ?xed current during the weld time W. By 
providing a full wave recti?er, the input voltage on line 
172 is maintained substantially constant and does not 
oscillate to cause variations should only ‘the instanta 
neous current during the weld cycle W be monitored in 
the feedback system. 
By providing the current feedback as shown in FIG. 

2B to control the voltage in line 172, the AC TIG weld 
ing can be controlled during the weld- cycle in accor 
dance with the graph shown in FIG. 5. The straight 
polarity or weld cycle W, which is negative currerit 
flow, is shown at the left hand side of FIG. 5. During 
weld cycle W, switch Q3 is non-conductive. Switch Q2 
is conductive. Thus, switch Q1 pulses in accordance 
with the output of pulse width modulator or driver 170. 

‘ This driver pulses switch Q1 to create current pulses 
through the top coil portion 104 of center tapped choke 
100 in accordance with pulses P at the base of the FET 
forming switch Q1. As switch Q1 is rendered conduc 
tive by a pulse P, current flows in accordance with the 
pulses shown in the upper portion of FIG. 5. Pulse 
width modulator 170 operates at a frequency of 20 
KHz. Thus, a pulse P occurs 20,000 times/second. Each 
pulse P has a width which is adjusted by the voltage on 
line 172.‘ Corresponding current pulses are caused 
through switch Q1. In this manner, instantaneous con 
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trol is exerted over the arc current I during the weld - 
cycle W. If more are current is required, a longer pulse 
P is created at the base of switch Q1. It is possible to 
control switch Q1 by varying the frequency of pulses P, 
when the pulses have a fixed width. Controlling fre 
quency to control are current is another mode of opera 
tion which could be employed when using the inven 
tion; however, the pulse width modulating concept for 
operating a DC chopper is preferred. At the end of the 
welding cycle W, switch Q2 is rendered non-conduc 
tive and switch Q3 is rendered conductive. This is the 
clean cycle Cn. At this time, switch Q1 can not control 
current ?ow across are A. Thus, switch Q1 is indicated 
to be OFF during the clean cycle. Even if switch Q1 
were ON during the clean cycle, no current would ?ow 
through the switch Q1 because switch Q2 is non-con 
ductive. FIG. 5 illustrates weld or heat cycle W which 
is followed by the clean cycle Cn. By adjusting the duty 
cycle of drivers 140, 142 the relationship between the 
weld cycle W and the clean cycle Cn can be changed. 

This invention uses the unique concept of a single, 
center tapped choke having two equal coil portions, one 
of which carries current during the weld cycle W and 
the other of which causes current flow by the stored 
energy of the common core of the choke during the 
clean cycle Cn. Since switch Q1 is pulsed at a high 
frequency (i.e. 20 KHz) during each weld cycle W, 
accurate control is maintained over the instantaneous 
arc current I during the weld cycle. As shown in FIG. 
5, during each pulse P there is current. After pulse P 
there is a freewheeling current ?ow through diode 240. 
This concept is shown as the saw tooth curve for are 
current I of FIG. 5 and in more detail in FIG. 6, 
wherein the current pulses are maintained between the 
time that Q1 is ON for a time corresponding to a pulse 
P. Thereafter, there is freewheeling current through 
switch Q2 when switch Q1 is turned OFF. By reducing 
the free-wheeling portion, are current is increased. 

Referring now to FIGS. 3 and 4, a concept which can 
be used in the manufacture of choke 100 is schemati 

35 

40 

45 

50 

65 

12 
cally illustrated. In accordance with this concept, core 
300 is provided with a central core piece 302 onto 
which coil portions 104, 106 are wound as schematb 
cally illustrated in FIG. 4. Current ?ow during weld 
cycle W through portion 104 causes ?ux to ?ow 
through core 302 by way of spaced legs 304, 306. A 
small air gap 310 is provided in leg 304 and a larger air 
gap 312 is provided in leg 306. The magnetic circuit is 
completed through core pieces 320, 322 which are sche 
matically illustrated as being spaced from legs 304, 306 
by layers of insulating material forming air gaps 310, 
312. At low current, the inductance of coil or choke 100 
is determined by a combination of air gaps 310, 312. 
Thus, during low arc current operation, a ?rst prese 
lected inductance of choke is provided. Neither gaps 
310, 312 are saturated and the core does not saturate. 
Thus a change in arc current I during the weld cycle 
causes a corresponding change in the clean current C1. 
When the current increases to a given level, air gap 310 
is saturated, then the inductance of the choke changes 
and the current storage is controlled by only the air gap 
312. In this fashion, current of a certain level saturates 
air gap 310 and changes the inductive reactance of 
choke 100. By using this concept, it is possible to oper 
ate circuit C at low current levels approaching 10 am 
peres and at high current levels exceeding 300 amperes. 
During high are current operation gap 312 does not 
saturate; thus, there is always maintained a relationship 
between the heating or weld arc current and the clean 
current. Since higher arc currents through switch Q2 
must be carried by the conductor forming coil portion 
104, the conductor of this coil portion has a larger diam 
eter than the conductor of coil portion 106. The number 
of turns of the coil portions are equal. The parameters of 
this preferred choke construction have been previously 
described. 

Referring now to FIGS. 7 and 7A, a modification of 
the preferred embodiment is illustrated. Circuit C1 op 
erates in accordance with the previous discussion 
wherein weld cycle W involves current flow through 
coil portion 104 of choke 100 when switch Q2 is con 
ductive and switch Q3 is non-conductive. Thereafter, 
drivers 140, 142 reverse the conductivity of power 
switches Q2, Q3. This allows arc current ?ow by en 
ergy stored in choke 100. The wiring diagram of FIG. 
7 is solely for the purpose of illustrating an alternating 
concept for the input stage of circuit C’. In accordance 
with this alternative, a somewhat standard phase-back 
SCR recti?er is employed. A three phase transformer 
300 provides sinusoidal varying voltages to a series of 
SCRs 410, each paired with a diode 412. An appropriate 
SCR ?ring circuit or trigger circuit 420 is controlled by 
voltage. on line 172 which is included in the control line 
or harness 162 shown in FIG. 2. As in FIG. 2, logic 
control circuit 160 controls both the switch drivers 140, 
142 and the phase-back trigger circuit 420. To distin 
guish the two output signals from control logic circuit 
160, lines 150, 172 are shown as different lines from a 
harness 162. Line 172 includes a voltage level. Line 150 
includes a pulse train with an adjustable duty cycle. 
Thus line 162 is a schematic illustration of a harness 
having at least the two control lines 150, 172. The volt 
age on line 172 controls the amount of phase-back for 
SCRs 410 to control the amount of current ?owing 
through switch Q2 during the weld cycle. This opera 
tion has been described in detail with respect to FIG. 2 
and FIGS. 5 and 6. Since the SCR phase-back input for 
circuit C’ produces a certain amount of ripple, a triac 
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430 is employed across lines a, b. In addition, a ?lter 
circuit somewhat similar to that illustrated in FIG. 2 is 
employed across these output lines. A further capacitor 
432 increases the amount of ?ltering. Snubber circuit 
440 shown in FIG. 7A is connected across terminals B, 
B1 of the Darlington connected transistors making up 
switches Q2, Q3. These snubbers provide two levels of 
'control as current ?ows through switches Q2, Q3 as 
these switches are conductive. 

I claim: 
1. In a device, driven by a direct current power sup 

ply having a positive output and negative output, for 
causing an alternating current to ?ow between the 
workpiece member and electrode member in an arc 
welding system, said device comprising: an inductive 
reactor having a tap, ?rst and second opposite ends and 
a common core, means for connecting said tap to one of 
said members, means for connecting the said tap to one 
of said members, means for connecting the other of said 
members to one of said power supply outputs, a ?rst 
power switch, means for connecting said ?rst power 
switch between the ?rst end of said reactor and one of 
said power supply outputs having a ?rst polarity, a 
second power switch, means for connecting said second 
power switch between the second end of said reactor 
and the one of said power supply outputs having a sec 
ond polarity, said switches each having a conductive 
state allowing ?ow of current through said reactor in a 
like direction from said positive output to said negative 
output, and a control means for said ?rst and second 
switches, said control means including signal means for 
shifting between a ?rst condition providing energy 
from said power supply to said reactor with said ?rst 
switch in its conductive state‘ and said second switch in 
its non-conductive state to pass current through said 
reactor between said ?rst end and said tap to magnetize 
said core and a second condition supplying energy by 
said reactor with said second switch in its conductive 
state and said ?rst switch in its non-conductive state to 
cause current ?ow through said reactor between said 
tap and said second end of said reactor as said common 
core is demagnetized, the improvement comprising: a 
power control switch means for controlling the input 
energy from said direct current power supply to said 
inductive reactance and between said workpiece mem 
ber and said electrode member during said ?rst condi 
tion, means for sensing an arc parameter during said 
?rst condition, means for comparing said sensed param 
eter to a reference signal to provide an error signal and 
means for adjusting said power control switch means in 
accordance with said error signal. 

2. The improvement as de?ned in claim 1 wherein 
said power control switch is a DC. chopper driven by 
high frequency of repetitive pulses for rendering said 
chopper conductive during each of said pulses and non 
conductive between said pulses and including means for 
modulating said pulses by said error signal. 

3. The improvement as de?ned in claim 2 wherein 
modulating means includes means for changing the 
width of, said pulses in response to said error signal. 

4. The improvement as de?ned in claim 3 wherein 
said frequency exceeds about 15 KHz. 

5. The improvement as de?ned in claim 3 wherein 
said power control switch is an SCR driven phase shift 
recti?er with a controlled phase-back and including 
means for changing said phase-back of said recti?er by 
said error signal. 
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6. The improvement as de?ned in claim 2 wherein 

said frequency exceeds about 15 KHz. 
7. The improvement as de?ned in claim 6 wherein 

said power control switch is an SCR driven phase shift 
recti?er with a controlled phase-back and including . 
means for changing said phase-back of said recti?er by 
said error signal. 

8. The improvement as de?ned in claim 2 wherein 
said power control switch is an SCR driven phase shift 
recti?er with a controlled phase-back and including 
means for changing said phase-back of said recti?er by 
said error signal. 

9. The improvement as de?ned in claim 1 wheren said 
sensed parameter is the recti?ed total arc current. 

10. The improvement as de?ned in claim 1 wherein 
said power control switch is an SCR driven phase shift 
recti?er with a controlled phase-back and including 
means for changing said phase-back of said recti?er by 
said error signal. 

11. The improvement as de?ned in claim 10 wherein 
said ?rst condition has a ?rst duration and said second 
condition has a second duration and said signal means 
includes timing means for changing at least one of said 
?rst and second durations. 

12. The improvement as de?ned in claim 11 including 
a manual holder for said electrode member and a manu 
ally manipulated element on said holder for operating 
said timing means. ‘ 

13. The improvement as de?ned in claim 14 wherein 
said power control switch is an SCR driven phase shift 
recti?er with a controlled phase-back and including 
means for changing said phase-back of said recti?er by 
said error signal. 

14. A device as de?ned in claim 11 wherein said tim 
ing means includes means for maintaining the sum of 
said ?rst and second durations generally equal. 

15. A device as de?ned in claim 14 wherein said ?rst 
polarity is positive. 

16. A device as de?ned in claim 14 wherein said tim 
ing means is a duty cycle oscillator. 

17. A device as de?ned in claim 16 wherein said de¢ 
vice is adapted for use in a TIG welding system where 
said electrode member is a non-consumable electrode, 
said timing means includes means for selecting said ?rst 
duration to be substantially greater than said second 
duration. 

18. A device as de?ned in claim 14 wherein said de 
vice is adapted for use in a TIG welding system where 
said electrode member is a non»consumable electrode, 
said timing means includes means for selecting said ?rst 
duration to be substantially greater than said second 
duration. 

19. A device as de?ned in claim 11 wherein said ?rst 
polarity is positive. 

20. A device as de?ned in claim 11 wherein said tim 
ing means is a duty cycle oscillator. 

21. A device as de?ned in claim 20 wherein said de 
vice is adapted for use in a TIG welding system where 
said electrode member is a non~consumable electrode, 
said timing means includes means for selecting said ?rst 
duration to be substantially greater than said second 
duration. ' 

22. A device as de?ned in claim 11 wherein said de 
vice is adapted for use in a TIG welding system where _ 
said electrode member is a non-consumable electrode, 
said timing means includes means for selecting said ?rst 
duration to be substantially greater than said second 
duration. 
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23. A device as de?ned in claim 1 wherein said ?rst 
polarity is positive. 

24. A method of TIG are welding by passing an alter 
nating current between a non-consumable electrode 
member, and a workpiece member in the form of an arc, 
said method comprising the steps of: 

(a) during a ?rst condition, connecting a D.C. power 
supply to cause weld current ?ow through a ?rst 
switch and a ?rst coil portion of a reactor having a 
core and a second coil portion in series with said 
?rst coil portion, said weld current ?ow being 

, across said members with a polarity causing said 
current ?ow to be in a given direction in said ?rst 
coil portion of said reactor and in a negative direc 
tion from the workpiece to said electrode while 
storing energy in a the core of said reactor; 

(b) during a second condition, disconnecting said 
power supply from across said members while 
immediately connecting said second portion of said 
reactor in a positive polarity direction across said 
members for a given duration whereby current 
?ows in a positive direction from said electrode 
member to said workpiece member during said 
duration by energy stored iii said reactor and ?ow 
ing in said given direction in said reactor; 

(c) repeating steps (a) and (b) in sequence; and, 
(d) controlling the input energy while said D.C. 
power supply is connected to pass current through 
said ?rst switch means. 

25. The method as de?ned in claim 24 including the 
further steps of: 

(e) sensing the arc current at least during said ?rst 
condition; . 

(i) comparing the sensed arc current with a reference 
sign to obtain an error signal; and, 

(g) adjusting the energy during said ?rst condition by 
said error signal. 

26. The method as defined in claim 24 including the 
step of adjusting the duty cycle between steps (a) and 
(b) 

27. The method as de?ned in claim 24 including the 
step of adjusting said given duration. 

28. An apparatus for TIG arc welding by passing an 
alternating current between a non-consumable elec 
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trode member and a workpiece member in the form of 45 
an are, said apparatus comprising: ?rst and second 
switches, a reactor, means for connecting a D.C. power 
supply through said ?rst switch and a first coil portion 
of said reactor and across said members with a polarity 
causing current ?ow in a negative direction from the 
workpiece to said electrode while current is ?owing in 
a given direction in said reactor to store energy in said 
reactor; means for disconnecting said power supply 
from across said members while immediately connect 
ing a second coil portion of said reactor in a positive 
polarity direction across said members whereby current 
?ows in a positive direction from said electrode mem 
ber to said workpiece member and in said given direc 
tion through said second portion of said reactor; means 
for shifting between said negative and positive polarity 
directions; and, means for adjusting said input energy 
during said current ?ow in a negative direction. 

29. A method of TIG arc welding with a D.C. power 
supply, said method comprising the steps of: 

(a) providing a high reactance reactor having ?rst 
and second coil portions and a common core; 

(b) during a ?rst condition, connecting said power 
supply across said electrode and workpiece to 
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cause current flow in a given direction through 
said ?rst coil portion of said reactor and in a nega 
tive polarity direction for a preselected heating 
cycle; 

(c) during a second condition, disconnecting said 
power supply from across said electrode and work 
piece while immediately connecting the second 
coil portion of said reactor across said electrode 
and workpiece in a positive direction for a prese 
lected cleaning cycle by stored energyvsupplied by 
said second coil portion of said reactor causing 
current ?ow in said given direction through said 
second coil portion of said reactor; 

(d) causing alternation between said heating cycle 
and said cleaning cycle; and, 

(e) controlling the current flow in said given direc 
tion by a repetitively operated switching means. 

30. A control circuit for converting a D.C. power 
supply having opposite polarity output terminals into an 
A.C. welding supply for directing welding current al 
ternately between a ?rst and second polarity through an 
arc gap between an electrode element and workpiece 
element, said control circuit comprising: a common 
inductive reactor having a center tap dividing said reac 
tor into ?rst and second coil portions joined at a center 
tap, ?rst switch means for passing welding current 
through only said ?rst coil portion of said reactor to 
said center tap in a given direction to cause current flow 
in a ?rst polarity through said arc gap, whereby energy 
is stored in said reactor, second switch means for elec 
trically connecting only said second portion of said 
reactor across said are gap to cause current ?ow in a 
second polarity through said are gap and in said given 
direction through said second portion for said reactor, 
means for alternately actuating said ?rst and second 
switch means at a preselected rate whereby current 
?ows through said are gap with its polarity alternating 
at said preselected rate, and means for adjusting the 
current ?ow through said ?rst switch means to control 
the power to said are gap. 

31. A device for TIG arc welding with a direct cur 
rent power supply having a positive output and nega 
tive output by causing a controlled duty cycle alternat 
ing current to ?ow between the workpiece and elec 
trode, said device comprising: an inductive reactor 
having a center tap and ?rst and second opposite ends 
de?ning a ?rst coil portion and a second coil portion, 
means for connecting said center tap to said workpiece, 
means for connecting said electrode to said negative 
output of said power supply, a ?rst power switch, 
means for connecting said ?rst power switch between 
the ?rst end of said reactor and said positive output, a 
second power switch, means for connecting said second 
power switch between the second end of said reactor 
and negative output, said switches each having a con 
ductive state allowing ?ow of current through said 
reactor in a like direction, a control means for said ?rst 
and second switches, said control means including sig 
nal means for shifting between a ?rst condition with 
said ?rst switch in its conductive state and said second 
switch in its non-conductive state and a second condi 
tion with said second switch in its conductive state and 
said ?rst switch in its non-conductive state whereby 
current ?ows in a ?rst direction from said positive out 
put to said workpiece and from said workpiece to said 
electrode and to said negative output during said ?rst 
condition and in a second direction during said second 
condition from said electrode to said workpiece and 
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from energy stored in said reactor during said ?rst con 
dition and said inductive reactor including a common 
core, said coil portions being wound onto said core in a 
like winding direction, said core including a ?rst air gap 
means constructed to saturate at a ?rst, low ?ux density 
and a second air gap means constructed to saturate at a 
second high ?ux density level exceeding'the maximum 
current condition of said TIG welding device. 

32. A device for TIG arc welding with a direct cur 
rent power supply having a positive output and nega 
tive output by causing a controlled duty cycle altemat 
ing current to ?ow between the workpiece and elec 
trode, said device comprising: an inductive reactor 
having a center tap and ?rst and second opposite ends 
defining a ?rst coil portion and a second coil portion, 
means for connecting said center tap to said workpiece, 
means for connecting said electrode to said negative 
output of said power supply, a ?rst power switch, 
means for connecting said ?rst power switch between 
the ?rst end of said reactor and said positive output, a 
second power switch, means for connecting said second 
power switch between the second end of said reactor 
and negative output, said switches each having a con 
ductive state allowing flow of current through said 
reactor in a like direction, a control means for said ?rst 
and second switches, said control means including sig 
nal means for shifting between a first condition with 
said ?rst switch in its conductive state and said second 
switch in its non-conductive state and a second condi 
tion with said second switch in its conductive state and 
said ?rst switch in its non-conductive state whereby 
current ?ows in a ?rst direction from said positive out 
put to said workpiece and from said workpiece to said 
electrode and to said negative output during said ?rst 
condition and in a second direction during said second 
condition from said electrode to said workpiece and 
from energy stored in said reactor during said ?rst con 
dition and means for controlling the current to said arc 
during said ?rst condition, said current control means 
includes means for sensing the arc current, means for 
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comparing the instantaneous arc current to a reference 
signal to create an error signal and means for adjusting 
said current through said ?rst switch means during said 
?rst condition in accordance with the magnitude of said 
error signal. 

33. A device for TIG are welding with a direct cur 
rent power supply having a positive output and nega 
tive output by causing a controlled duty cycle alternat 
ing current to How between the workpiece and elec 
trode, said device comprising: an inductive reactor 
having a center tap and ?rst and second opposite ends 
de?ning a ?rst coil portion and a second coil portion, 
means for connecting said center tap to said workpiece, 
means for connecting said electrode to said negative 
output of said power supply, a ?rst power switch, 
means for connecting said first power switch between 
the ?rst end of said reactor and said positive output, a 
second power switch, means for connecting said second 
power switch between the second end of said reactor 
and negative output, said switches each having a con 
ductive state allowing ?ow of current through said 
reactor in a like direction, a control means for said ?rst 
and second switches, said control means including sig 
nal means for shifting between a first condition with 
said ?rst switch in its conductive state and said second 
switch in its non-conductive state and a second condi 
tion with said second switch in its conductive state and 
said ?rst switch in its non-conductive state whereby 
current flows in a ?rst direction from said positive out 
put to said workpiece and from said workpiece to said 
electrode and to said negative output during said ?rst 
condition and in a second direction during said second 
condition from said electrode to said workpiece and 
from energy stored in said reactor during said ?rst con 
dition and a manual holder for said electrode member 
and a manually manipulated switch means having a ?rst 
inoperative condition and a second operative condition 
with said first power switch held conductive and said 
second power switch means held non-conductive. 
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